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$i \frac{\partial}{\partial t}u_{j}(t, x)$ $=$ $- \frac{1}{2}\triangle\tau\iota_{j}$ ( $+ \sum_{k=1,k\neq j}^{\wedge t}(V*|\tau\iota_{k}|^{\underline{y}})u_{j}(t, x)$ ,
$uj(O, x)$ $=$ $\phi_{j}(x)$ $(j=1, \cdots, N)$ (1)
, $($ $\in R\cross R^{n}(n\geq 2),V(x)=$ - $\gamma$ , $0< \gamma<\min(4, n)$ .
Hartree , $N$ .
, :
$U(t)=\exp(it\triangle/2),$ $1t/I(t)=$ exP $($ $2/2t)$ . $L^{|J}(R^{n})$ $\Vert\cdot\Vert_{7^{J}}$ . $(p=2$
, $\Vert\cdot\Vert_{2}$ $\Vert\cdot\Vert$ ). $L^{2},\llcorner q(R^{n})=\{f(x);\Vert f\Vert_{2,.\underline{\sigma}}$. $=\Vert\langle.\iota\cdot\rangle^{s}.f\Vert<\infty\}$ , ,
$\langle x\}=(1+|x|^{2})^{\frac{1}{\underline{\circ}}}$ . $H^{m}(R^{n})(m=0,1,2, \cdots)$ Sobolev , ,
$C_{0}^{\infty}(R^{n})$
$\Vert f\Vert_{H^{m}}=(\Sigma_{|\alpha|\leq m}\Vert\nabla^{\alpha}f\Vert^{2})^{\frac{1}{\underline{9}}}$ . $S(R^{?1})$ Schwartz
. $\mathcal{F}f$ Fourier $[ \mathcal{F}f](\xi)=(2\pi)^{-n/2}\int_{R^{n}}e^{-ix\cdot\xi}$ f(x) , $\mathcal{F}^{-1}f$
Fourier .
$N$ , $N$ ,
, $\tilde{f}$ , .
Hartree ,
$i \frac{\partial}{\partial t}u(t, x)=-\frac{1}{2}\triangle u(t, x)+(l^{f}*|u|^{2})u(t, .\iota\cdot)$ (2)
([2, 3, 4, 5, 6]). , $tarrow\infty$
, (1) (2) , . (1)
, (2) ,
. (2) , ([3, 5]).
[A] $1< \gamma<\min(4, n),$ $u(O$ , $\in H^{1}\cap L^{2,1}$ . ,
$t\infty\underline{1i_{11}}u\Vert\ovalbox{\tt\small REJECT}\iota(t)-U(t)\psi||=0$ (3)
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$\psi\in L^{2}$ .
[B] $0<\gamma<1,$ $u(O, x)\in H^{1}\cap L^{2,1}$ . , (3) $\psi\in L^{2}$ .
, (1) , [A], [B] . , $\gamma=1$ ,
. , [A], [B] .
1. (i) (ii) .
(i) $n\geq 2$ , V $1< \gamma<\min(4, n),$ $\phi_{j}\in H^{1}\cap L^{2,1}(j=1, \cdots, N)$ ,
(ii) $n\geq 3,4-2\sqrt{}$ $<\gamma\gamma<V5-1,$ $\phi_{j}\in H^{1}\cap L^{2,2}(j=1, \cdots, N)$ .
,
$\lim_{tarrow\infty}\Vert u_{j}(t)-U(t)\psi_{j}\Vert=0$ . (4)
$\psi_{j}\in L^{2}(j=1, \cdots, N)$ .
2. $n\geq 2,$ $\gamma<1$ $n\geq 3,$ $\gamma\leq 1$ , $\phi_{j}\in H^{1}\cap L^{2,1}(j=1, \cdots, N)$
, $\{\phi_{j}\}$ 2 $0$ . , (4)
$\ovalbox{\tt\small REJECT}\in L^{2}(j=1, \cdots, N)$ .
. , $\{\phi_{j}\}$ 2 $0$
. , $\phi_{1}\not\equiv 0,$ $\phi_{2}\equiv\cdots\phi_{N}\equiv 0$ , $u_{1}(t)=$
$U(t)\phi_{1},$ $u_{2}=\cdots u_{N}=0$ .
2
2.1(The Gagliardo -Nirenberg inequality). $1\leq p,$ $q,$ $r\leq\infty,$ $j,$ $m$ ,
$0\leq j<m$ ,
$\sum_{|\alpha|=j}\Vert\nabla^{\alpha}u\Vert_{p}\leq C(\sum_{|\beta|=nz}\Vert\nabla^{\beta}u\Vert_{r})^{a}\Vert u\Vert_{c}^{1-a}$ (5)
. , $\frac{1}{p}-n\dot{L}=a(\frac{1}{r}-\frac{\eta l}{n})+(1-a)\frac{1}{q}$ , $a$ : $m-j- \frac{n}{r}$
$\perp m\leq a<1$ , , $Lm\leq a\leq 1$ .




$\int_{R^{n}}1_{R^{n}}\frac{|\phi(x)|^{2}|\cdot\psi(x)|^{\underline{9}}}{|x^{\backslash }-y|\gamma}dxdy\leq C\Vert\phi\Vert_{q}^{\supseteq}\Vert\psi\Vert_{q}^{2}$ . (7)
, $q=4n/(2n-$ .
. H\"older 22. ,




$\Vert V*|\phi|^{2}\Vert_{\infty}\leq C\Vert\phi\Vert_{r_{1}}\Vert\phi\Vert_{2}$ . (8)
, $2<r_{1}<2n/(n-\gamma)<r_{2}<2n/(n-2)(\infty if n=2),$ $\frac{1}{r_{1}}+\frac{1}{r\underline{\circ}}=1-\frac{n}{\gamma}$ .
. $l>0$ . H\"older ,
$\int_{R^{n}}V(x-y)|\phi(y)|^{2}dy$ $\leq$ $\int_{|x-y|>l}+\int_{|x-y|<l}$
$\leq$ $( \int_{|x\cdot-y|>l}|x-y|^{-\gamma r_{1}/(r_{1}-2)}dy)^{(r_{1}-2)/r_{1}}\Vert\phi\Vert_{r_{1}}^{-}$
$+( \int_{|x-y|<l}|x-y|^{-\gamma_{l^{\backslash }\underline{o}}/(\underline{\tau}-2)}dy)^{(\gamma\underline{o}-2)/r_{2}}\Vert\phi\Vert_{r}^{2_{\underline{9}}}$
$\leq$ $(l^{-b}\Vert\phi\Vert_{r_{1}}^{2}+l^{b}\Vert\phi\Vert_{r\underline{\circ}}^{2})$
, $b>0$ . $l^{b}=\Vert\phi\Vert_{r_{1}}/\Vert\phi\Vert_{r_{2}}$ $l$ , (8) .
3 1
3.1. (i) $\vec{\phi}\in H^{l}(l\in N)$ , (1)
$U(-t)uj(t)= \phi_{j}-i\int_{0}^{t}U(-\tau)\sum_{k=1,k\neq j}^{N}(V*|u_{k}|^{2})uj(\tau)d\tau$ $(j=1, \cdots, N)$ (9)
$\vec{u}(t)\in C(R;H^{l})\cap C^{1}(R;H^{l-2})$ . , $\vec{\phi}\in L^{2.m}(\uparrow n\in N)$ ,
U( $\underline$ $\in C(R;L^{2,m})$ .
(ii) $\vec{u}(t)$ .
$\Vert u_{j}(t)\Vert$ $=$ $\Vert\phi_{j}\Vert$ $(j=1, \cdots, N)$ , (10)
$E(\vec{u}(t))$ $=$ $\sum_{j=1}^{N}\Vert\nabla n_{j}(t)\Vert^{2}+P(\vec{u}(t))=E(\vec{\phi})$ . (11)
, $P( \vec{u}(t))=\sum_{j,k=1j\neq k}^{N}\int_{R^{n}}\int_{R^{\tau\iota}}|u_{j}(x)|^{2}|u_{k}(y)|^{2}/|x-y|^{\gamma}dxdy$ .
(iii) , $\tilde{\phi}\in L^{2,1}$ , $\vec{u}(t)$
$\sum_{j=1}^{N}\Vert xU(-T)u_{j}(t)\Vert^{2}+t^{2}P(\vec{u}(t))=\sum_{j=1}^{N}\Vert x\phi_{j}\Vert^{2}+\int_{0}^{l}\tau P(\vec{\iota\iota}(\tau))d\tau$ (12)
.
. (2) ( , [4] ).








$i \frac{\partial}{\partial t}vJ(t, x)=-\frac{1}{2t^{2}}\triangle vJ(t, x)+\frac{1}{t^{\gamma}}\sum_{k=1,k\neq j}^{N}(V*|v_{k}|^{2})vj(t, x)$ $(j=1, \cdots, N)$ . (14)
. (10), (12)
$\Vert v_{j}(t)\Vert=constant$ , (15)
$\frac{1d}{t^{\underline{9}}dt}\sum_{j=1}^{N}\Vert\nabla v_{j}(t)\Vert^{2}+\frac{1}{t^{\gamma}}\frac{d}{dt}P(\vec{v}(t))=0$ (16)
. (16) , .
$\sum_{j=1}^{N}\Vert\nabla v_{j}(t)\Vert^{2}$ $\leq$ $\{\begin{array}{ll}Ct^{2-\gamma} (\gamma<2)C (\gamma\geq 2),\end{array}$ (17)
$P(\vec{v}(t))$ $\leq$ $C$ . (18)
, $t\geq 1$ . $\gamma>2$ , (18) (16) . ,
(17) 2.1., 23. , (18) .
, 1 (i) . $iu_{J_{tarrow\infty}}=s-1in1v_{j}(t)\in L^{2}$
$\Vert U(-t)u_{j}(t)-\mathcal{F}^{-1}w$ $\leq\Vert \mathcal{F}M(t)U(-t)u_{j}(t)-cv_{j}\Vert+\Vert t\iota_{j}-\mathcal{F}11/I(\dagger)\mathcal{F}^{-1}w_{j}\Vert$




. , $s-\underline{1i}t$ $j$ . (14) (15) ,
$\Vert v_{j}(t)-v_{j}(s)\Vert^{2}$
$=$ $-2Re(v_{j}(t)-v_{j}(s), v_{j}(s))$
$=$ $-2I_{7?t} \{\int_{s}^{t}\frac{1}{2\tau-}(\nabla v_{j}(\tau), \nabla v_{j}(s))d\tau$
$+ \int_{s}^{t}\frac{1}{\tau^{\gamma}}\sum_{k=1,k\cdot\neq j}^{N}((V*|v_{k}|^{2})v_{j}(\tau), v_{j}(s))d\tau\}$ . (19)
47
$V5-1<\gamma<2$ ,(17)
I $\leq$ $C \Vert\nabla v_{j}(s)\Vert\int_{s}^{t}\Vert\nabla v_{j}(\tau)\Vert d\tau$
$\leq$ $Cs^{1-\frac{\gamma}{\underline{o}}} \int_{s}^{t}\tau^{-1-\frac{\gamma}{\underline{\circ}}}d\tau=C(s^{1-\gamma}-s^{1-\frac{\gamma}{2}}t^{-\frac{\gamma}{9\sim}})arrow 0$ $(s, tarrow\infty)$ .
$\gamma<2$ , H\"older , 24., (17) (18) ,




$\leq$ $Cl^{t} \frac{1}{\tau^{\gamma}}\sum_{k=1}^{N}(\Vert v_{k}\Vert_{r_{1}}\Vert v_{k}\Vert_{r\underline{\circ}})\ovalbox{\tt\small REJECT}$
$\leq$ $C \int_{s}^{t}\frac{1}{\tau^{\gamma}}\sum_{k=1}^{N}(\Vert\nabla v_{k}\Vert^{\gamma}\Vert v_{k}\Vert^{2-\gamma})^{\frac{1}{2}}$
$\leq$ $C \int_{s}^{t}\tau^{\frac{\gamma}{\underline{\circ}}\{1-\frac{\gamma}{\underline{9}})}d\tau$
1 $<\gamma<2$ , , $s,$ $tarrow\infty$ $0$ . $\gamma\geq 2$ ,
$s-\lim_{\ovalbox{\tt\small REJECT}}v_{j}(t)$ . ,
, –
$C \int_{s}^{t}\sum_{k=1,k\neq \text{ }}^{N}\Vert v_{k}(\tau)\Vert_{q}^{2}\Vert v_{j}(\tau)\Vert_{q}d\tau\Vert v_{j}(s)\Vert_{q}$
$\leq$ $C( s\iota\iota t\geq 11)\Vert\vec{t)}(t)\Vert_{H^{1}})^{4}\int_{s}^{t}\frac{1}{\tau^{\gamma}}d\tauarrow 0$ $(s, tarrow\infty)$ .
$($ 24. ).
(ii) , . , .
32. $\vec{\phi}\in H^{1}\cap L^{2,2}$ . $t\geq 1$ ,
$\Vert\triangle v_{j}(t)\Vert^{2}\leq Ct^{(\gamma^{\star}-8\gamma+10)/(2-\gamma)}o$ (20)
.
. $\vec{\phi}\in H^{1}\cap L^{2,2}$ , $\tilde{v}\in C((O, \infty))H^{2})\cap C^{1}((0, \infty);L^{2})$ . (14)
$\triangle$ ,
$i \frac{\partial}{\partial t}$ $\triangle$vj( $=- \frac{1}{2t^{2}}\triangle^{2}v_{j}(t, x)+\frac{1}{t^{\gamma}}\sum_{k=1,k\neq j}^{N}\triangle[V*|v_{k}|^{2})v_{j}(t, x)]$ $(j=1, \cdots, N)$ . (21)
$\triangle\overline{vj}$ , ,
$\frac{1}{2}\frac{d}{clt}\sum_{j=1}^{N}\Vert\triangle v_{j}(t)\Vert^{2}=\frac{1}{t^{\gamma}}I\uparrow n\sum_{k=1,k\neq j}^{N}\int_{R^{n}}\triangle[(V*|v_{k}|^{2})v_{j}]\triangle\overline{\tau_{j}}clx$.
48
2.1., 22. (17) ,
$\frac{d}{dt}\sum_{j=1}^{N}\Vert\triangle v_{j}(t)\Vert^{2}$ $\leq$
$Ct^{-\gamma}( \sum_{j=1}^{N}\Vert\triangle v_{j}(t)\Vert^{2})^{\frac{4-\gamma}{2}}(\sum_{j=1}^{N}\Vert\nabla v_{j}\Vert)^{\gamma}$
$\leq$
$Ct^{-\gamma+\gamma(1-\frac{\gamma}{2})}( \sum_{j=1}^{N}\Vert\triangle v_{j}(t)\Vert^{2})^{\frac{4-\gamma}{\underline{o}}}$ (22)
, (20) .
. $\triangle^{2}v_{i}$ , $v_{j}\in H^{4}$ , regularizing technique ,
$vj\in H^{2}$ .
33. $1<\gamma<4/3,\vec{\phi}\in H^{1}\cap L^{2,2}$ . $t\geq 1$ ,
$\Vert v_{j}(t)\Vert_{p}\leq C$ (23)
. , $\frac{1}{2}-\frac{(\gamma-1)(2-\gamma)}{n(6-4\gamma)}<\frac{1}{p}\leq\frac{1}{2}$ .
. (14) $|vj|^{p-2}\overline{vj}$ ,
$\frac{d}{dt}\Vert vj\Vert_{p}^{p}$ $=$ $\frac{-1}{2t^{2}}Im\int_{R^{n}}jjj$
$=$ $\frac{1}{2t^{2}}Im\int_{R^{n}}\nabla vj\nabla(|vj|^{p-2}\overline{\iota 1j})dx$
$\leq$ $\frac{C}{t^{2}}\int_{R^{n}}|\nabla v_{j}|^{2}$
$p-2$
$\leq$ $\frac{C}{t^{2}}\Vert\nabla v_{j}\Vert^{\frac{}{p},}\Vert v_{j}\Vert_{p}^{p-2}$ .
, H\"older . 2.1., 3.2. ,






$\frac{d}{dt}\Vert vj(t)\Vert_{p}^{p}\leq Ct^{-2+2\rho}\Vert vj(t)\Vert_{p}^{p-2}$.
$p$ ,
.




(ii) 1 . (i) , (19) .
, $=$ . 33. , 1 $v_{j}(s)\Vert_{\eta}=O(s^{\nu})$
$( \frac{1}{\eta}=\frac{1}{2}-\frac{(\gamma-1)(2-\gamma)}{n(6-4\gamma)},$ $\nu$ $)$ , $\tau^{-\gamma}\Vert V*|v_{k}|^{2}v_{j}(\tau)\Vert_{\eta’}=O(\tau^{-1-\epsilon})(\epsilon>0)$















. $4-2\sqrt{2}<\gamma<$ V 1 , .
4 2
. . $co_{j}=s$ $j(t)\in L^{2}(j=1, \cdots, N)$ ,
(15) $\Vert v_{j}\Vert=\Vert w$ . , $\psi\in S(R^{n})$ ,
$\lim_{tarrow\infty}(V*|v_{k}|^{2}v_{j}(t), \psi)=(V*|w_{k}|^{2}w_{j}, ’\psi)$ . (25)
.
$|(V*|v_{k}|^{2}v_{j}, \psi)-(V*|w_{k}|^{2}w_{j}, \psi)|$







$\leq$ $C(|$ $|+\Vert w_{k}\Vert)\Vert v_{k}-w_{k}\Vert(\Vert\psi\Vert_{\alpha+\delta}+\Vert\psi\Vert_{\alpha-\delta})$ .
$\alpha$ $=2n/(n-2$ , $\delta$ . $\Vert v_{j}(t$ ,
$A\leq C\Vert v_{k}(t)-w_{k}\Vertarrow 0$ $(tarrow\infty)$
. $B$ ,
$B\leq C\Vert w_{k}\Vert^{2}\Vert v_{j}(t)-w_{j}\Vert(\Vert\psi\Vert_{\alpha+\delta}+\Vert\psi\Vert_{\alpha-\delta})arrow 0$ $(tarrow\infty)$ .
, $\{\phi_{j}\}$ ’ $\sum_{k=1,k\neq j}^{N}(V*|w_{k}|^{2})w_{j}\not\equiv 0$ $i$ , $\psi\in S(R^{7}$
$Im \sum_{k=1,k\cdot\neq j}^{N}(V*|w_{k}|^{2})wj,$ $\psi)>0$ . (26)
. wj–vj $(t)$ $\psi$ ,
$Re(w_{j}-v_{j}(t), \psi)$
$=$ $Im \{-\int^{\infty}\frac{1}{2\tau}(v_{j}(\tau), \triangle w)d\tau+\int^{\infty})$ .
,
$\int^{\infty}\frac{1}{2\tau^{2}}\Vert v_{j}(\tau)\Vert d\tau\Vert\triangle w\Vert=\frac{C}{t}arrow 0$ $(tarrow\infty)$
. (26) , $=$ , $t$ ,
$Im \int^{\infty}\sum_{\text{ }=1,k\neq j}^{N}(V*|v_{k}|^{2}v_{j}(\tau), \psi)d\tau$
$\geq$ $\frac{1}{2}Im\sum_{\text{ }=1,k\neq j}^{N}(V*|w_{k}|^{2})w_{j},$ $\psi)\int^{\infty}\frac{1}{\tau^{\gamma}}d\tauarrow\infty$ $(tarrow\infty)$
. $\mathfrak{N}\ovalbox{\tt\small REJECT}\vec{-}1i_{l}nRe(w_{j}-v_{j}(t), \psi)=\infty$ , .
. $n=2,$ $\gamma=1$ , $\alpha=\infty$ . , .
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